As shown in Table 3 , R1, 2 and 3 were assumed in equilibrium. The equilibrium constants of these three reactions were defined as follow:
Boltzmann constant and reaction temperature.
The rate constant for R4 -R22 reactions were estimated according to:
where h, A, and E a , Q TS and Q R were the Planck constant, prefactor, activation barrier, the partition functions per unit volume for a TS and an IS [1] [2] .
For typical surface reactions involving only a high-vibrational-frequency bond breaking/ formation, q vib at the IS is close to q vib at the TS, and then Q TS /Q R is close to 1. In these cases, the shows the X-ray powder diffraction (XRD) of the Cu-Co/TiO 2 catalyst before and after the reaction. Only anatase peaks are found before and after the reaction [5] [6] , and no other element is found. This result indicates that the Cu species and Co species are uniformly dispersed on the catalyst surface, which is in agreement with the high-resolution transmission electron microscopy result (Fig. S2) ; the particle size is determined to be approximately 125 Å. After reaction, no new peak appears, indicating that the phase transition from anatase to rutile does not occur at 500 °C. This observation is in agreement with previous studies, in which the phase transition occurs over a wide range of temperatures above 600 °C [7] [8] . However, the peak intensity increases after reaction, indicating that the particle size increases.
The catalyst was determined from XRD patterns collected on a RigakuD/max-2500 diffractometer with Cu Kα radiation (40 kV/100 mA) at 8
• /min scanning rate in the range of 10-85
• .
Fig. S2
The TEM image before reaction
The morphology was studied using the high-resolution transmission electron microscopy (JEM-2100F). It was found that Co and Cu species were uniformly dispersed on the catalyst surface, and the particle size is about 125 Å.
Fig. S3 Ti 2p XPS spectra before and after reaction

The Calculation Model
Previous studies found that Cu oxidation was easily reduced and that CoO was the primary phase under 400 °C using H 2 reduction 6, [9] [10] [11] . Therefore, Cu and CoO were the primary phases in the Cu-Co/TiO 2 catalyst; our XPS analysis confirmed the result (see the XPS section). We proposed that ethanol synthesis from CH 4 and syngas requires two active sites of Cu and CoO.
Therefore, the interface of CoO and Cu was suitable for our catalyst. However, the main difficulty encountered in the work is the lack of information regarding the geometrical structure of the particular Cu−CoO interface. Therefore, a CuCo alloy represented the Cu-CoO interface in the paper, and we think this model can reflect the reaction of ethanol synthesis from CH 4 and syngas to a certain extent. Recently, various types of alloys have been used and studied for different reactions by many researchers [12] [13] [14] [15] [16] [17] [18] [19] . For example, the Chen group studied the methanol decomposition on a PdZn alloy using DFT. They found that the energy barrier of CH 3 O dehydrogenation on a PdZn(111) surface was higher than that on a Pd(111) surface because the binding strength of CH 3 O on the Pd(111) surface is weaker than that on the PdZn(111) surface.
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